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A srjBOf  OF  TH5  RAT'S  OF  REACTIOll 
OF  IW2  WITH  VARIOUS  ALCOHOLS  AT  LOR 
TRM?ERATURK  ASD  PRBSSURBS 


By  John  F.  Koasmoror,  fhoMo  0.  Oolllm,  Plotre  Raljacnoit  *nd  J«Ck  Traocy 


Iho  proMBt  «ork  •xtonde  th«  work  of  Fwirllo  Oiirborry 
and  Trooey  and  la  eonoamad  with  raatetlon  rataa  for 
tha  raaotion*  2S02<'R<1^  hSOijW’HOaR)  (1)»  Surfaea  affaota 
and  laaparatura  eoafflciant  wara  awalxtaiad  for  raaoilona 
involving  tha  to  O4  aliphatio  straight  and  branehad 
chain  aieohola.  Tha  raaction  haa  baan  fcund  to  ba 
surfaea  eontrellad  with  aleehol  baing  tha  adsorbed  apaelao 
and  reacting  diraotly  fora  tha  vapor  phaoa.  Praotia- 
ally  no  raaotion  was  obsarvad  with  paraffine  aax  aurfaaas* 
while  rataa  of  considarahle  wacnituda  wara  eboarvad  whan 
glaae.  almimaa,  and  taflon  aurfaeaw  vara  used.  Raaetion 
rataa  aa  wall  aa  aquilibriiwi  eonvaraiona  ware  oonaidarably 
raduead  aa  taaperatura  waa  ineraaoad.  A rata  law  la 
postulated  and  axpefL>qantal  values  of  oonatanta  invdvad 
are  tabulated. 


Ths  work  of  Pairlia*  Oarborry  and  Traaoy  (1)  indicated  that  tha  raaetion 
rata  of  tXlo  with  ROH  ras  thtf  d order  aa  Indloatad  by  tha  itoicblawatry,  and 
naagar  indleationa  of  surface  affaota  and  a negative  taaparatira  ooafflciAnt 
vara  reported. 

The  praaant  work  waa  undertaken  in  order  that  teiq>aratura  and  surface 
affaota  night  ba  quantitatively  avaluatady  enabling  a nof*  oonplate  undarw tend- 
ing of  meehanles  and  eventual  uaa  of  this  raaetion  in  tha  production  nf  nitrite 
eetara.  Thia  paper  daseribaa  tha  nathod  uead  in  studying  this  rapid  surface 
rssetloD,  presents  sxpsrinantal  results,  postulates  a meehsnian  and  rats  lav 
and  gives  values  of  rsta  and  aquillbriun  oenstanta  for  use  with  thia  rata  law. 


BXPSRIMBNTAL 


The  photowatrio  oethed  woe  used  for  following  the  course  of  the  reaction* 

Of  the  epaelse  present,  only  RO2  was  found  tha  absorb  the  filtered  green  light 
used  (4SOO«OOOOA).  With  this  light,  filtered  to  rasove  wavs  lengths  photoehaaio* 
ell;-’  dseowposing  to  datadibla  to  wall  below  O.laoHg  ^d  oould  be 

dataralnad  to  t O.O^haB  tbrwg^out  the  range  of  partial  preaeurae  ussd. 

Apperstuai  Tha  raaotion  tma  run  in  oyl  indr  leal  oslla  of  Idngth  122ea  with 
diaaatara  varying  ao  aa  to  give  surfaea  to  voluna  ratios  of  froa  0,9  to  1.4 
en~'^.  With  one  exception  those  aalla  w«ra  lasMraad  In  a eireulatlng  water 
tharBoetie  bath  oapabla  of  eontrelling  taacaratura  to  f 0. 1'^O.  Tha  anda  of  tha 
oalla  protruded  froa  the  bath  and  varaoloaed  with  plane  glass  windows  far  a^i-^ 


(1)  A.k.Fairlia  Jr.,J.J.  Carberry,  and  J.C.  Trcecy,  JAC8,  75  J786(1953) 
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nisi  ion  of  tho  ivnauremont  light  bo«a. 

Light  ««■  iibtaiinad  fr<»a  an  incaodl|B«:.it  oouroo#  filtarod*  eelliamted  and 
foeuaady  and  reflaotad  through  tha  raaetion  sell  hgr  laaana  of  plana  airrara* 
ProTision  aaa  aada  to  paae  a portion  of  this  b«aa  through  a blank  tuba,  enabling 
a rapid  ohaok  of  tho  oonataney  of  tha  aourea*  Lij^vt  leaving  tha  raaation  aall 
oaa  raflaetad  with  nirrore  upon  a photronie  photocell  whiah  actuated  a scnaltlva 
galvanoaatar  whose  output  waa  raeordad*  Galvanoaatar  output  waa  oonvartad  to 
values  of  partial  praseura  of  MC>2  by  naans  of  an  aapariaally  datanainad  oalib- 
ration  aurvfu 

Initial  aaounta  of  reactant  ware  datarminad  by  admitting  these  froa  storage 
into  avabuatad  bulbs,  which  ware  praeiaaly  calibrated  aa  to  voluna*  Partial  praasurn 
ware  datanrinad  uarionatrieally  at  tha  tanperatura  to  ba  used  in  tha  fallowing  run. 
With  tha  voliata  of  tha  reaction  eall  baing  alao  known,  this  esablad  odaputatlon 
of  initial  partial  praawtu.  that  obtained  for  each  reactant  whan  raaotanta  wars 
flaahad  into  tha  reaction  oell.  In  thaaa  eoaputationa,  due  aceaunt  waa  taken 
of  residual  anounta  left  in  naaeuraaient  bulbs  and  of  tha  BD2**Ii204  aquilibriua. 

Data  invdlvlng  pfra^:  glass  ears  taken  dirsotly  withi»*-the  oalla  used*  With 
surfaaaa  of  paraffine,  teflon  and  Alunixaa,  tubaa  * (or  osatad  glaai  tnbaa)  of 
one  foot  lingth  ware  Insertad  and  to  and  with  mall  elearaneaw  into  a nah  larger 
oontaining  oall«  Tha  light  bsaa  was  paaaed  through  the  inside  of  thaaa  tuba 
aactiona.  Itia  reaction  eall  thus  consiatad  of  tha  voluna  within  tha  inserted 
tubaa,  whiob  was  in  free  cauunieation  with  tha  much  larger  outside  voluaa.  In 
thie  work  only  data  at  25^0  wm  t^an  and  tmparature  eontrol  was  obtsdned  by 
adjuetinj,'  room  taoparatura  to  25®  1 0.5. 

Stopcooka  lubricated  aitk  ailieona  grease  ware  used  after  it  waa  datarninad 
that  thaaa  ware  unraaotiva  in  tha  prasanea  of  IX)2* 

Proeedurai  Tharaostats  war#  brou^t  to  tha  desired  tar^rature,  and  tha  entire 
aysta*  was  aaaouatad  to  O.OQiua.  Ko  atteapt  was  mda  to  flaoaa  appsrmtue  or  to 
reduoa  praseura  wi'^  Hg  ^di  ffueion  pui^.  Tha  daeirad.  praaatiras  of  alcohol  and 
30^  ware  aduittad  to  the  naaauranant  bulba  and  datarminad  aanomatrioally.  glcohola 
ware  boilad  before  each  run  to  aliaiMta  disaolvad  tiir  ato  and  ware  used  diraetly 
from  OP  aouroaa  as  oaroful  porifiaation  had  pravleunly  been  shown  not  to  affaot 
reactions  or  reaction  ratea  within  tha  liaits  of  precision  obtainable.  HC2  waa 
takan  directly  froa  leoturo  bottles  auppliad  by  Uathaaon  Co.  and  eontsinad  lass 
than  O.S;iC  N2*  ^ *be. 

li^rt  inters , was  adjusted  to  a desired  reading  and  tha  reading  of  tha 
*blazik  tub/ was  raoordad.  This  rasding  woe  ohaekad  with  frequency  during  aaeb  run.- 
Oeceiaional  variance  of  this  blank  reading  nsusad  little  difficulty,  but  in  such 
eases  tha  data  war  oosplstaly  dieaardad  and  rerun. 

On  thaeran  ninuts  of  a running  stopaatA,  atopeocks  admitting  raaotanta  to 
tha  rsaation  cell  vara  rapidly  and  aigiultanaoualy  opened.  Galvanoaatar  readings 
vara  then  takan  at  appropriate  intervale.  Sntranea  errors  due  to  noxr>aiaultaaaous 
atopoook  opening  ato  ware  found  to  ba  undataetabla  Inaantueh  as  computed  tf02 
rasdlnra  and  eotual  photpiatrie  dataminatlOn  chalked  vary  wall. 
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8*lTan<M«t«r  renutio^f  ««r«  eonrertcd  to  pt\rti*l  proowiro#  of  ly 
TCsaao  of  an  aKplrieal  oalifaration  eurra.  Partial  proaaura  SSS2  plotted 

Torvus  tine  on  Gartaaian  coordinata  paper  and  ratea  ware  daterainad  bjr  graphloal 
di f f arantlation. 

Initial  valuaa  of  tha  raaetion  rata  ware  diridad  by  partial  praaaiora  BO^ 
aquarad  and  by  partial  praaaura  aloohal  to  f^ra  an  indieotad  rate  eenatant  *k* 
whoea  raeipraoal  i«  ahovn  aa  a function  of  aloehol  partial  prasaura  in  a eub- 
ssqaant  aeotion  of  this  papar*  Prooi  thaaa  plota,  aaluaa  of  tha  rarioua  eonatanta 
ady  he  daduaad  aa  wall  aa  a rata  low. 

Rvma  ware  alowad  to  proeaad  until  no  r'Uwnaatar  ehwngaa  could  ba  dataotad 
ewar  a period  of  20  winutao.  Thia  waa  aeauasd  ta  rapraaant  aq[uilibrivai  and 
Taiuaa  of  o<iullllfedaaeonatant  waraoonputed  fron  auth  data*  with  tha  2H02+B0H* 
ROTKHHIX}^  staiohiowatry  being  aaauwad. 

Sarioua  liwitationa  an  tha  uaa  of  thia  aethed  proalude  uaa  oualda  tha  rangaa 
of  partial  praaauraa  uaod  in  thia  work.  Partial  prasetnraa  ara  liadt«l  by  the 
Twpor  presanrae  af  tha  aloohola  and  by  forwallon  of  liquid  phaaaa  in  tha  praaaneo 
of  FlfOx  at  partial  praaauraa  aueh  laao  than  the  rapor  praaauraa  of  eeid  and  fcloofaol 
At  hi^ar  towperaturaa  «hara  thaaa  liwitatlona  no  longer  apply,  raaoiion  rata 
baoonaa  ao  alaw,  *nd  oqttilibrhaa  eanvaraion  ao  lew  that  preeisicm  in  tha  ■aaaura- 
rs»9ts  are  poor-. 


SBSDLTa 

Oalxig  thia  apparatue  and  prooadtnra,  rata  and  aquillbrluB  data  wara  taken  ' 
for  all  lower  aloohola,  Oj  to  O4  awoopt  iaabutanol  at  29^'*,  and  5^0,  in 
pyraA  ayparatua  with  sA  *0*9  oar^*  Dath  ware  taken  in  pyrex  apparatna  for 
athoRoi  only  at  SA  *1«^»  and  for  nathaael,  ethanol,  and  a.>propanol  on  paraffine 
teflon  and  Alunimai  aarfaoea  at  6A  *l*0i  0*1. 

Tha  rapor  phaaa  rata  waa  found  to  ha  nasligiblo  with  reopaet  ta  wall  raaetion  ^ 
ratoa.  Reaction  rata  waa  fo«nd  to  ba  axaetly  praportional  to  the  aacond  power 
of  tha  NO2  partial  praaaura*  A rata  las  of  the  form  'H 

-dUO^/dt  - k,|^j(iA)^/(l  ♦ *4  A)X»2*A  ) - 

wae  found  to  hold  for'all  aloohola  lianroatl||atad,  for  initial  conditiona.  I. 
danetaa  the  aquilibriUB  oeaataat  far  tha  2IO^]i^^  aquilibriw,  danotao  in 
adaorbtion  eqUHitrlun  eonotant,  and  a aurfaeo  rata  eonataat* 

Danoting  tha  group  k^S%  SA  by  •«",  it  waa  found  that  *a"  has  aa 
apparant  aotiwotional  awargy  af  -I?  to  -2(k  Xawl.  Boato  of  adaorbtion  affeoting 
Xa  war#  dstarsinad  ta  ba  ef  tha  order  of  »7  to  -12  Xoal.. 

Ooaiplota  data  ara  found  in  Diaaertations  filed  with  tha  library,  Uniwar'^ity 
of  Jtotro  Dawa. 

Paraffin#  Surfaeai 

Thaaa  data  wara  taken  paaviug  a li«^t  bean  throu^  waetions  of  eoata^ 


glftss  tubing  plae«d  within  th»  san«  ««11  In  which  th®  data  of  Falrlic  (1) 
wera  takwn.  In  th«  prevlouw  work  the  li^<t  bees  had  boon  paosod  through  tho 
cantor  of  tho  call  and  at  a dietamo  of  5-7  oa  froa  any  wall.  Tho  prasant 
"Paraflnod  eall*  was  plaead  at  tho  bottom  of  tha  ovitar  pyrax  call  at  such  a 
position  that  spacifie  rates  oloaa  to  5C,(  greater  than  thoao  retorted  in  (1) 
ware  obtalnadt  with^t  tha  uso  of  an  inner  eall. 

Rato  data  takadwlth  tha  paraffine  oall  was  found  to  ba  first  ordar  in 
aleoholf  but  with  a spaoifie  rata  oonatant  laaa  than  half  that  rapertad  in 
(1).  Sxparimental  raluas  sust  ba  further  corraotad  for  the  free  ooMiuai cation 
of  tha  paraffined  call  with  tho  larger  exterior  vacuum  tit^t  pyrax  c'lntainar. 

If  no  raaotion  had  taken  plaea  within  tha  paraffins  eurfaoa,  an  indicated 
fleticloue  rata  would  appear  to  taka  place  due  to  withdrawal  of  HO2  aa  reaction 
takas  plaea  in  tha  outer  tuba  with  a three  yailda  two  atoiehioaetry.  With  R ■ 
axporijaantal  rata  within  tha  wax  oall.  tha  rata  outaide  this  call.  X tha 
mole  fraction  SO2  tna  true  reaction  rata  within  tho  wax  oollj 

Rg  - (R  - (X/2)Ro  )(  l/(i-X/2) 

Data  taken  are  Tabulated  in  Tablo  1.  k^  valuda  being  eerraetad  fev  free 
coBssunlentlon  using  values  of  spaoifie  rata  eonatast  90^  greater  than  thoaa 
given  in  (1)  aa  indicated  by  praaeat  work,  at  tha  looatlon  used  for  paraffine 
cell. 


TABU?  I Rate  Data  In  Paraffine  cell  (sA  -1»0,  25^0> 


Aleo^tol 

IK2 

ROH 

Rate 

"k* 

Xe 

m 

mm 

aas/ain 

Methjrl 

5.48 

2.89 

0.45 

0.012 

o.ooot  0.005 

5.78 

4.4o 

0.75 

0.012 

0.002 

5.55 

6.60 

0.86 

0r0l2 

0.005 

Av  0.002 

Sttqrl 

5.58 

1.41 

0.51 

0.017 

0.001 

5.«9 

2.10 

0.52 

0.018 

0.005 

5.64 

2.72 

0.56 

0.016 

0,006 

5.58 

5.58 

0.75 

0.0?6 

0,005 

5.O8 

4.4^ 

0.70 

0.017 

C.0C9 

Av  0.005 

n-Propyl 

5.50 

0.50 

0 14 

0.045 

0.007 

5.15 

0.86 

0.57 

0.044 

0,019 

5.25 

1.21 

0.52 

0.040 

0,015 

2.75 

1.56 

0.48 

o.o4l 

0.020 

Av  0.015 

Taluae  of  aa  tabulatadindioats  aaxinus  valuaa  of  vanorphaae  rata 
that  ooald  obtain.  Xt  ia  poaaibla  that  at  laaat  part  of  thaaa  rate#  mmy 
' rapraaent  hoiareganaova  rsaetion  en  tha  wax  surfMa*  a paaaibility  that 
ia  likely  in  tha  lifiht  of  tha  inaraaaisg  x«ta  obtained  aa  tha  orgali^  vwidioal 
is  Mda  larger.  Vap«f  phase  raaotions  era  at  bast  alow  oonparad  with  wall 
roactiena  and  oau  hv  naglaatad  with  rapaet  to  hatorogansous  rataw  obtaining 
with  other  eufWeas  invnstlgAtad. 
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PyrttZ  Surfft««t  Data  care  taken  far  all  Oi  to  O4  Aleohola  (exeapt  i^^Aaol) 
at  25,  ^ and  55®0  with  ourfaoa  to  yoIvm#  ratio  0*9  afchanol 

only  S/T  ■ 1,4 


as  the  r emotion  ome  «all  oatalycod,  it  was  expootod  that  rata  oquatlana 
of  the  font  * ^ , _ 

-dHOg/dt  -(k^^  I,  8/?)(S02*4  - HKO-  BOIIOA«,)(  ♦ K|^))® 

T/«uld  obtain.  It  has  booa  iTotmd  by  four  inraatlgatora  norkiag  at  various  t«^^ 
oraturoa,  proaauroa  ae,d  ft/V  ratios  that  tha  raaetioa  rats  dspsada  on  sxaotly 
ths  ssoottd  possr  of  Him  BDe  partial  prssOiiro»  Thaa  la  w»at  bs  ansll.  Ondar 
initial  eonditions,  tsraa  lanralvlng  pradvet  ars  turolTsd  la  tha  rats  las. 
thus  defining  k^j^  K^sA  * aad  -dllOg/dt/liOy^  A • k, 

lA  - (lA  )(1  ♦ KaA^“ 

Pignrao  1 through  7 prsssnt  tha  axpsorlaantal  data  takaa,  lA  being 
plotted  OLgainet  aloohol  partial  praeaurs  with  »*1  >.  Inasaueh  as  thsss  plots 
rseultsd  in  straight  lines,  the  aasiaptioa  of  bpI  is  eerrsst.  Intercepts  of 
these  plats  prorids  values  of  tha  eas^osite  constant  ”a*  aad  oanbinatlon  of 
slope  aad  tntsreept  i^lvas  valoee  of  K^. 


' Tha  factor  *J*  appaariag  in  tha  ordinate  of  Flgursa  1 to  7 rsprooanta 
(2$8«t)liC00  / 296  Kt  and  aaaantialiy  sorroato  iatarospta  at  highar  T to  tbesa 
at  25^0  enabling  all  4af  foraont  aloohol  to  bo  ahoan  togethar  for  oenparison 
pnrpoacs.  Aisbers  fipjjl^aBrlag  in  ardinatea  af  Pig  W ara  opparaat  aetivatioaoi 
eaa/glas  aaeoalaiad  vith  tha  eonstant  *a*,  in  leal/gaol. 

This  jMthod  sf  prsaanMag  data  ia  c«m>  that  eiytaasiaas  ttf  aoattsr  in  ths 
data.  Daviatione  fro*  tha  msrrss  dresM  ean  bs  attributad  ta  srrsrs  in 
SrapMoal  diffi^antiation,  far  aa  littls  ss  5^  error  in  this  operatien  will 
oause  deviatione  of  the  order  indleated  in  the  plats. 

Slepes  of  the  pleta  sera  usad  ta  aetinata.  valuae  of  the  adeerbtion 
constant  1^  nt  the  three  tenferatnree  inveetigAtad.  was  plottad  vs  lA 
an#  heat  af  adaorbtian  sstiMitad.  Saeendary  aad  tertiary  sleahole  at  S^C 
gava  slapaa  sc  near  ta  saro  aa  ta  ba  nsalaae  in  tha  estiaat&aa  of  Ig*  Heats 
af  adeerbtiMS  for  thaea  alcotaele  ara  baaad  on  valuas  at  23P  and  4o*o  anly  and 
ara  banco  of  lacs  rsHability. 


Taluac  of  tha  caaotanta  at  2!^C  and  valuaa  af  cnergiea  af  activatlan  and 
heat  of  adaerbtian  ara  given  In  fabla  2.  k.,  the  trtte  cwrfaee  rate  canetant 

and  its  correapeoding  netivatioaal  aeorsP,  ^ vor*  ecoptiiad  aith  the  ossaaptien 
tha  !U0^  rathnr  than  I 102  4a  the  truia  rcectiva  apaalao.  Thna  k,  « aA^X«(aA)» 
end  ^ « 1^  V 14.6  0U2  • 1^*6  Kcal  raprsaaaao'^ttta  bnat  af  tha  raaetien 

, aad  the  faetcr  L.2  ccripcasate^.f^  ohaagaa  is  Aonsentratlen  with 
inereecad  tesaperatshN,  it  having  bean  ieterniitad  that  the  faetor  (tA^)^ 
clcsely  spprazinateo  ei^  -l.»200  (296<«l9A9^  In  the  short  need. 
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TA3L?  2 Oo98teat«  at  25®0»  haata  of  Adaori/tlon  and  AotlTatien 

VfT9X  Surfaea 


Aloohol 

on/^n 

*a 

loa^ffMl 

n 

a 

Hetlipl 

0.53 

0.83 

48 

-17.2 

-8.5 

♦7 

Rthpl 

0.29 

0.6A 

• 

84 

-18.7 

-3.2 

*2 

nHPropyl 

0.33 

0.74 

53 

— 16.2 

*7.2 

♦7 

n-^tyl 

0.s4 

2.0 

35 

-13.0 

-6.4 

♦7 

l.^opjfl 

0.11 

0.20 

66 

-19.0 

-12.3 

*9 

aoe*Batyl 

0.2S 

0.60 

• 30 

*23. 

-9.3 

♦2 

t“tutpl 

0.067  0.20 

4o 

-18. 

-10. 

♦8 

At  tha  outaat  of  th&a  vork  raaotar  iHrfkea  mm  and  alaaig 
aNnoraally  rataa  «ara  ekaarrad*  Data  «aa  not  raf>radueaakla  \aatll 
four  to  fira  rvins  had  baan  nada.  Thua  olaan  glaaa  aiurfaaa  la  a»ra  hipljr 
aataljtle  than  *uaad  glaaa*.  Aftar  thaaa  iotial  nma»  rapradoeaabla  data 
eould  ba  takan  at  anj  tiaa  indicating  no  fvthar  aurfaea  fouling. 

In  naagr  runa  an  induotlan  pariod  aaa  abaarrad*  eapaetall;  with  tha 
hif^ar  aleohola.  Praa«s««e  or  abaanaa  of  induotlan  rae  arldaniljr  iefluaaaad 
by  tha  length  of  ttaa  ajw«nt  la  aH>««mtieB  of  iSm  raaotlon  eall»  but  did 
not  appoar  to  influanea  ratoa  abtaiaad  aftar^tha  raaoUoo  bofian.  Rataa 
takan  aith  or  without  inductloa  fall  oa  tha  oaaa  sntTa  and  wara  naad 
lat«rtiuttifaablj  la  platting  Fig*  1*7.  Rathar  than  im^lldating  tha  data 
it  ia  fait  that  thaaa  Industlea  parloda  aarra  oal^r  to  iadtaata'that  tina 
raqvlrad  to  s«aa  to  adaorbtion  aguilibriun  waa  of  auoh  ar&gnituda  aa  to 
ba  Inaffoetiwa  in  warjring  raaulta  ebtainad.  It  ia  tantitiwaly  poatnlatad 
that  indaotlen  tinaa  obaarred  rapraaaet  tijasa  raquirad  b^  tha  o^etea  In 
tha  building  up  a firat  aoBolayar  If  tbia  had  baaa  aaaainially  atrln»ad 
off  bp  axtanaiva  punping. 

Oata  takan  with  athanal  ia  aaali  reaoters  ahara  intlal  ■laltig  arrera 
eould  ba  ainlitiaad  using  • nen-slaultanceua  addltians  taabatigiia  aV*«d 
rata  data  eoBparabls  ta  that  takan  alth  aluultanaaua  addition.,  ifcan  lOg 
waa  added  first,  but  oaaMidarablp  higher  rataa  whan  tha  aleehol  was  addad 
first.  Thao  it  la  indloatad  im  a a««uwhat  dlffarant  nagur  that  aloohol 
la  tha  adaorbad  apaelaa  and  not  V02* 

SA  Ratio*  Tha  affaet  ff  sA  au'ild  not  ba  taatad  orar  long  rangaa.  Pifura 
6 indeataa  that  the  oooatant  a varied  ezaetlp  In  proportion  of  tha  g/V 
ratios  involTsd  (l.A/C«9).  Thua  7'ata  ia  indiaetad  to  bo  proportional  to 
8/V  ratios  in  saell  reactors. 
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Teflon  and  Alunlnvai  Surfaoeat  Data  aara  taken  ualng  "frea  eonnunieetlon* 
teehni(s^M  einilar  to  that  uaad  with  aar&ffino  surfaea.  Rataa  are  correoted 
for  free  ooiBaxmleavdon*  and  ware  taken  at  2D®C  for  Ethanol  and  n-Propanol. 

Qorroaion  data  taken  In  ihia  laboratory  in  the  liquid  Indicates 

that  alualniai  azui  ataiaiaoa  ataal  >tand  up  veil  to  ths  peeullar  oondiosa  of 
thla  reaction  (no  oorroalon  on  etainlaaa  ateel  and  100  nj/aqda/day  isidar  the 
worst  oonditiona^far  laaa  under  other  ccnditlona/*  Thoa  theae  data 

were  taken  ao  thikt  rates  night  be  eatiaated  within  virfmcoo  which  al^rt  bw 
of  particular  uaa  txndor  industrial  oonditiona*  aa  «;all  aa  to  ewaluatw  the 
effeeta  of  Inart  organic  surface  and  Inorganlo  o:<ldo  (Al20j)  surfaces  on  the 
klnatles  of  thla  reaotion* 


Table  3 Indiectea  that  both  adaorbtien  K and  aurfae#  rate  k are  reduced 
when  teflon  le  eubatltuted  for  pyrex  eurfacWf  but  not  ao  much  r'*  to  aaVw  ibis 
aurfsow  useleas  aa  a eatelytio  wurfaea.  Al  (Al.O.)  aurfae#  Indloataa  a leaear 
surface  rate  constant^  but  graater  adsorbtlon  a Aa  oonpared  to  pyrax.  'dates 
are  not  aarloualy  reduced  at  thwee  preesuree. 

TABLE  ^ Rate  and  Adaorbtion  Conetante  for  Varioge  SurfaceSf  29®C 

SA  “ 1»0  t 0.1  owT^ 


Uaterial 

“23 

Sthenol 

*A23 

^s25 

n-Propenol 
*23  *A25 

^e23 

Pyrex 

0.29 

0.64 

54 

0.55  0.74 

55 

Teflon 

0.12 

O.JS 

0.67  1.41 

51 

Aluminua 

0.22 

0.80 

29 

Rates  after  initial  conditional  fhirlia  et  al  (1)  reported  that  tha  raaotiCB 
waa  autooatalytic.  The  preaant  work  wubatantiataa  this.  Rates  taken  after 
ialtal  sonditions  are  hlghar  than  prediotod  f^on  the  intial  rate  las.  Howwwor 
whereas  it  was  preriaualy  raported  that  this  affeot  waa  dependant  on  tha 
time  elapsed  fro=  intial  oonditlena  to  tha  tine  of  meaeureawntf  thla  effect 
haa  not  ba*wi  dound  to  apply  la  the  present  work.  It  has  been  found  that  rates 
after  intial  oenditiene  are  higher  than  pradioted  fron  the  intial  rate  law 
and  tbw  postulated  sthAehtc«.#ti7  by  a factor  of  (1  ♦ 0.8(!K>2p*df02))*  Only 
typical  data  taken  from  ruvis  using  n>Propai«l  is  nhown  in  tails  4.  Tory 
similar  behavior  eaa  noted  with  other  alc^>»ls. 


Table  4 Rate  Data  After  Initial  Conditions. .n-Propanol.  Pyrex  Teesel.S/VbO.p 
(valuse  taken  at  random  from  runs  at  various  initial  preasuraa) 
mm  raacted  Actual  Rate/Rate  prediotod  from  intial  laiw. 

^ 23*0  55»0 


0.4 

1.56,  1.4,  1.48,1.48 

1.2,  1.23,  1.55,  1.5,  1.55 

0.8 

1.6,  1.7,  1.75,  1.75 

1.52,  1.53.  1.6 

1.2 

•imSOg  2*0 

1.37 

1.6 

Equilibrium  and  Stoibhioaatryt  Equiiibriua  aaa  found  to  !>•  a ec.Aaidwabla 
limltatL  on  on  oxtanta  of  raaotion.  It  uee  found  that  only  with  the  grouping 
of  terma  ae  Indleated  by  tha  atioehloaetrw  2B02«ROflwHIIt)^ROIfO  oould  a eonatant 
raloe  of  tha  aqulllbrivna  oonataai  bo  o>;aq>utod  fro*  tha  data  taken  with  fire 
fold  warianoa  In  jtartlal  praaaurea  of  speolaa  preaant  In  the  equilibrium 
mixture.  Thua  it  la  inferred  that  the  baalo  atoiohlceatry  la  aa  indieatod. 
at  all  tmaperaturea  investigated* 

Fsar  ths  stalgut  ^aln  aleohelSf  plots  of  logjt  va  l/l  indicated  straight 
linea  from  whiah  astlaatioD  of  heat  of  reaotlon  oould  be  made.  Dat*  taken 
with  aeeondary  and  tertiary  aloohola«  while  indioating  the  aaae  genaral  trenda 
waa  arratie  and  oa'not  be  uaed  for  other  than  qualitative  aatimtion  of  trenda. 
from  heat  of  reaction  data  and  va'usa  of  tha  eonatante,  aatittetiona  ware  aade 
of  heat  of  forwation  end  etcndard  melal  entropy  of  tha  nitrite  eatere.  Theee 
data  are  tabulated  in  table  S. 


Table  S ....  Indicated  squilibritai  ocnstante  for  the  reaction  2lK)2^R0i{"Hll0^eR0ti0 
aaexaaing  the  indioatad  atolehionetry. 


Alcohol 

I 

Rest  of  Roaetion 

Hitrito 

Prspertiee 

25»0 

kCPC 

55®0 

Keal/gncl 

»f 

a 

Xethyl 

1.60 

0.51 

0.10 

-17.8 

-17.06 

65.4 

Btl^l 

0.91 

0.149 

0.052 

-22.1 

-28.58 

61.8 

n-Propyl 

1.05 

0.16 

0,025 

<24.1 

-57.00 

62.8 

nrBvtyl 

0.5^ 

0.072 

0.010 

-26.5 

.^5.26 

67.6 

n-amgrl 

0.24 

0.026 

-«7.9 

-«5.8 

75.0 

lH»ropyl 

0.27 

0.15 

0.05 

eoo*Butyl 

0.6 

0.06 

0.02 

t-Butyl 

0.059 

0.022 

0.0055 

'Ihe  properties  of  the  nitriteo  while  ahpwing  good  agreeunnt  for  methyl 
with  thw  data  of  Leermakerw  (2)  (17*06  aa  e«iparad  with  16.75  for  boat  of 

formation*  and  65.^  eomparod  with  65.2  for  standard  molal  entropy)*  iadleate 
eedoue  deviatlena  fmm  exp'eotsd  valuea  for  tha  hl^ar  aitritos.  Telmww  ot  aotrqpy 
are  6 to  10  unite  lees  thiui  would  be  indioatad  by  etatiatieal  ecaputatioBe. 

Heeaureaant  was  suoh  that  deviationa  eould  at  moat  eemae  as  srror  cs  cns 
entrepy  unit.  Sffsots  due  to  etruotural  isoneriw  (?)  can  be  shown  to  have  effeots 
oonaUerabiy  lose  than  the  6 to  10  unite  deviation  in  E.  fho  oenatmpy  ef  X 
ae  o(»pvted  indioatee  that  Qo  eerieue  deviation  frou.  tho  baele  atoiehionetry 
oould  have  eoeured*  but  doe#  net  praelmdo  amall  dcviatieRS  Ara  to  aasooiation* 
adsorbtlca  effoote  ate  whish  would  bavw  thw  offset  of  vearyirng  eomnsMAi'eitliiimeT 
•ueh  a mannar  that  K would  bo  affwetod  sluilarly  at  all  oqmillMia  «emp«attl(MW» 

Si^orimental  heats  of  rjaotiem  are  higher  than  a^^aetod.  Thmu  experimental 
K'e  at  25  and  are  hl|h  reapcet  to  those  at  99^0*  lodieating  higher 
extenta  of  reaetlon  then  would  be  axpeeted.  iaeoeistion.  adeorbtioa  «ts  invelving 
reaetants  would  with  the  extents  of  raaotion  notad  tend  rather  to  lisdt  equilib- 
rlwi  extent  of  reaction  and  oaiwet  explain  'the  eff(>ote  ?hu=  ^ly  product 

aeeeoiatiom  offers  a tcmvblw  expddnatiwn. 

(21  0,  Lsornakwre  and  H.O.  RamepM-ger,  JtCS  ^ 16.)?(1^) 

(3^)  P.  Tarts*  Bull.  Boa.  raim.  w 2^(1951) 


If  acsMlttUest  of  ib*  tom,  fOtO^wm  • X<  ri 

Hlttllibrim  «aa»«attt  «f  0.1  b«ing  m«vb«4»  ntl«  *f  tlw  tru* 
twr  tb#  ST®r  ftll  r«»oti«it  to  th«  sooftattto  ••  glvo»  t»  liblo  5 0*^  «hm 

SQj  roooUd  1«  l.OiK,  sad  0.77  «iuB  10^  roocteA  la  9*0.  th«ae  sstaats  «f 
rasetloe  rspraaoni  ^loo«  aoar  to  -Uio  ontoamo  <wf  oanoatkAtlaa- tt#*«  la  tM# 
work  a«3  tho  doTlatlon  (H  tram  thoMtt  aalM)  ia  of  the  ardor  of  tho  prooleioo 
with  9kiah  the  data  mo  taken,  aaaesistlon  nil  Woonr  loaa  at  hil^^  T.  If 
aanaaad  Mgligihla  at  Ofioo  aad^a  valua  of  80^  of  tbr  oonrtaBt  at  89*  U anouaad» 
boat  ^ roaetiandLc  iodioatad  to  bo  aona  IflOOaalario*  Xaa^  ^baa  taholatoA^  ia 
Slftlac^f^aai  aftaalata  oBtroggr  nLtt»-  aitnt».  la  oomm-6  tndta  bi||Mr.  It  la 
tlH»0%  po^titati^tMiarjykadaat  aaoraatlos  ta  tha  aslant  of  a>w»tC>l  af>-^ 
prodnot  f emel  tnwa  p7jcba  and  ia  a oanaa  f er  tbra  anaatwllr  lasr  oalnaa  of  OgpiQ 
indleatad  in  tbio  iias^ 

Hitrlta>llitrie  Aold  assaelatioa  La  net  tmoxpaaled  inaonu^  aa  HIR^^OIO- 
nC8  aaimena  in  tba  liquid  phaaa  boM-  boon  ahoaa  to  ba  oingularlg  (Baroaatlra 
aitli  ro^ct  ths  tbo  exMatioao  oxpaatad.  sTtsrs  appaar  to  ba  exidation 

labibltora  In  auoh-  aolnticma. 


laacosBios 

4 

Roeolta  iadiea»o  that  vapor  pbaaa  rata  bnoanta  at  aoat  a foa  pareant  of 
tbo  dvarall  retos  ohssrvsd  ssd  is  of  £9gligible  in  thie  aark.  It  baa  fnrtbar 
bean  focnl  that  aurfaea  rata  folleaa  an  aquation  ct  tba  f amt 

-d^/st  - (kj,  Ij  S/rljl  ♦ ^8  aCg-  Sufi  - 

vhare  Z danotea  an  roaetad. 

jkdjaoant  alta  aOBfnaa  taairollad  aiatwal na  indleataa^ that  tba  danaadnotbr 
ahould  ontar  to  tba  aaaai^  ppnort  «bila  adoorbtlaK  rata  eostrolUng  nachactana 
tndiaata  aunaratdn-  dopandk^b  xiat  in  aaoort  vltb  ovparinantal  £ladiagn>  Thna 
it  ib  poatnlatad  tint  >CU  QU0g>  raaota  diraotlr  aith  adaarbad  adaabal  ritl^t 
itsalf  firat  adsorbing.  It  ia  peasibla  to  ^aValata  «3at-l02  naaooiataa  «iib 
alroadjr  adaon»ad  aladhel  and  tl^  raaata  vitn  lO^'  diraatljr  fran  tbo  vapor  i^iasat 
a poobanlan  indicatini;  a rata  i«fn  tf  tbp  fame 

-dWj/dt  -(VMl  ^ ^ 1/(1  ♦ K.  RCB>fi  ♦ S-  HCU) 

for  intial  oonditions.  In  ordor  <^t  tba  aaaond  ardn  bebavlv  altk  mopaol  ta 
BO.  be  aoaouatad  tor,  X-  aawt  ba  of  tbo  order  of  u.01  and  nuat  aboa  a baal'bT 
aaooeiatlos  or  adabrbtlon  abova  6 to  IB  Xoai.  Tbaaa' -railBaor  ooro  poaaiblo  ang 
BUfolx  m $fS«MWdl.5pB  pniri7i5%  0«  dlaoardod  at  tbia  ilnp* 

Baatc  9f  adaorbtion  aaro  frand  to  bo  of  tbo  erdar  of  aagnitado  of  boata  of 
vaporiaatlOB.  Oouplod  aitk  tba  Indaetlon  offocto  aotadU  tfala  i^liaa  that 
raaotlen  takaa  plana  aitb'  tba^  oa  iaiklal^  li^fald  phaaa  dutar  aggarbad  naaalaBaea 
of  aloohal.  deota  of  edaorbtioa  aaro  olgaifleaBtly  hi^aer  far  aaaaedary*  and 
lartiarjr  aloeholo  than  tor  tbo  priaokry  mie  tha  ravpraa  trbnd  saa  naiod  is 
ntgaitado  of  tho  ootoatoeiis.  ?!»e  a al^fieant  diffofoeso  axiata  in  ontrepy  of 
adaorHien  for  prinnry  alaobola  ao  eonparad  ta  otbar  typaa/ 

Surfaeo  rat#  ees»taiita  and  anerfir  qnagtitia*  ara  vary  alTcllar  for  all  alihola^ 
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Seocndiiry  Bu-Unal  «nd  Sthtmol  ahowing  aca*  ezoaptio*.  tar  aao- 

Butanol  w«a  dateralnad  from  <mly  two  valuaa  of  Kj^>  derlotlOB  csy  ba 
eftuaod  by  axporiaantal  orror*  7oluoa  of  haot  o^adaorbtlon  tar  ath&nol 
appoaur  low,  but  no  explanation  can  bo  found  fcr  thia  bohawior  at  tfcia  tlae* 

The  work  of  Falrlle,  Carberry  and  Troacy  (1)  waa  dona  la  a roaotor 
with  8/7  “ 0.5.  Extrapolation  of  the  praeent  data  to  thia  b/t  Indicates 
that  apoolflo  rate  eonotanta  of  the  order  of  0*1  ohould  hare  been  noted 
inatoad  of  the  O.OJ  i^orted  (oBthanol).  Further,  doTlatloae  fraa  firat  order 
in  aloohal  should  haee  been  noted*  In  the  proTiowa  work,  tae  ssasurewent 
light  bean  paeeed  Sc«  tram  the  wall.  The  reported  rataa  rapreaent  a aJxture 
of  free  eoaiunlcatloti  effeota  (ooneidering  the  light  baa»  aa  a reaction  cell) 
and  conYection-diff»iolon  from  the  rapor  phase  to  the  walla.  The  eitxaation 
is  oomplex  and  re  dvKJbt  laaaked  deriatiens  in  aloohol  order.  The  data  in 
all  probability  hava  little  aignifeanee  except  for  use  In  deeign  of  large 
else  reectore.  Tiwe  dependence  in  the  airtocatalytlo  affect  may  bo  attributed 
to  dl' fualon-eonYoctlon  effeete.  In  the  present  work,  mare  transfer  effeoto 
are  et  ueet  small  due  to  the  reactor  sice  used  and  the  fact  that  the  meaaure- 
■ent  beam  waa  of  cell  dleseter.  Diffueional  gradiedtia  In  the  present  work 
were  approxiaately  10  times  those  of  the  prs'/feut  workers. 

The  autooatalytie  effect  noted  eanaot  ba  eonaidered  to  be  due  to  ad- 
eorbtlon  rate  phenomena,  fvor  the  eame  inerehata  in  rata  were  nets!  with 
Yery  ooneiderably  different  initial  aaouyxto  of  intlal  rseotant  chiirjgmS,  with 
attendant  diffaraneae  in  partial  preesure  and  time  co  achiare  thin  condition. 
Work  in  this  laboratory  indicatca  that  whila  H^C  and  nitritae 

In  the  feed  charge  had  little  offeot  on  Intial  rate,  O.Saai  HNO^  inoreaeed 
rates  ebaerYsd  by  90!(.  Ae  O.Omin  oorresponde  to  1.0am  NO2  reacted,  the  eat- 
alytio  effect  of  HMOj  alona  acooimt  far  63jt  of  the  oheerved  eutooatalytio 
affect.  The  balenew  may  ba  aeoouBted  far  if  it  be  aaeumad  that  Nitrite- 
HHO^  aeeociatioma  complexes  are  also  oatmlytio  to  the  reaction.  At  the  preacat 
tlma  It  la  not  known  if  thia  autoaatalysis  la  a wall  effect  or  if  it  repree- 
onta  a vapor  phaso  oattvlytie  rate. 

Slnoe  both  rata  and  equilibrlua  eonverelon  are  esriouely  reduced  by 
increased  Temperature,  praetieal  use  of  thia  reaction  will  bo  limitod  to 
lower  tcaiperaturcw.  Surfaocc  inert  to  chealeal  attack  (Teflon,  Aluainum) 
while  showing  reduced  rates  of  reaction,  are  indicated  to  he  >BcrYiooablc 
for  use  in  running  the  rcaetioa. 


Dcpartmnt  of  Chemical  Enginaerlng 
Dnivoralty  of  Notra  Daiu 
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Because  of  our  limited  supply,  you  are  requested  to  return  this  copy  WHEN  IT  HAS  SERVED 
YOUR  PURPOSE  so  that  it  may  be  made  available  to  other  requesters.  Your  coope.ration 
will  be  appreciated. 
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NOTICE:  WHEN  GOVERNMENT  OR  OTHER  DRAWINC-S,  SPECIFICATIONS  OR  OTHER  DATA 
ARE  USED  FOR  ANY  PURPOSE  OTHER  THAN  IN  CONNECTION  WITH  A DEFINITELY  RELATED 
GOVERNMENT  PROCUREMENT  OPERATION,  THE  U.  S.  GOVERNMENT  THEREBY  INCURS 
NO  RESPONSIBILITY,  NOR  ANY  OBLIGATION  WHATSOEVER;  AND  THE  FACT  THAT  THE 
GOVERNMENT  MAY  HAVE  FORMULATED,  FURNISHED,  OR  IN  ANY  WAY  SUPPLIED  THE 
SAID  DR.A WINGS,  SPECIFICATIONS,  OR  OTHER  DATA  IS  NO].’  TO  BE  REGARDED  BY 
IMPLICATION  OR  OIHERWISE  AS  IN  ANY  MANNER  LICENSING  THE  HOLDER  OR  ANY  OTHER 
PERSON  OR  CORPORATION,  OR  CvONVEYING  .\NY  RIGHTS  OR  PERMISSION  TO  MANUFACTURE, 
USE  OR  SELL  ANY  PATENTED  INVENTION  THAT  MAY  IN  ANY  WAY  BE  RELATED  THERETO. 
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